Introduction
Over the past several decades, there has been a growing appreciation for the association between chronic kidney disease (CKD) and cardiovascular disease (CVD). As a general proxy at the time of this writing for this groundswell of interest, a PubMed search on the intersection of CKD and CVD retrieved 22,268 citations of which 1,678 were listed as clinical trials or discussions of trials, and 61 were indicated to be guidelines or summaries of such documents. Four major domains of CVD are heavily influenced by CKD and include atherosclerosis, valvular disease, myocardial dysfunction, and arrhythmias [1] .
The epidemiology of CKD and CVD share a 'common soil' of risk factors, which include older age, hypertension, diabetes mellitus, obesity, and smoking [2] . For CKD, low birth weight; family history of CKD; AfricanAmerican, Native American, and Hispanic ethnicities; microalbuminuria; and anemia appear to be unique risk predictors separate from traditional CVD risk factors [3] [4] [5] . For CVD, family history of CVD, dyslipidemia, and certain measured factors reflecting adiposity (IL-6, highsensitivity C-reactive protein) and immune cell signaling or activity (lipoprotein-associated phospholipase A 2 , my-eloperoxidase) have been shown to be independently associated with CVD and not necessarily CKD. Thus, risk factor assessment of CKD and CVD can largely be complemented by gathering information relevant to both diseases and understanding that when a patient lies in the intersection of CKD and CVD, the risks of cardiac and all-mortality are very high [6] .
Patients with combined CKD and CVD, in general, should have relative risk reductions for consequences of both organ system diseases with standard prevention measures including smoking cessation, dietary sodium reduction, weight reduction, blood pressure control, glycemic control, and lowering low-density lipoprotein cholesterol [7] [8] [9] . However, the conclusive evidence to support modification of each risk factor for combined CKD and CVD is either controversial or lacking in virtually every area. Thus, it is important to diagnose CVD in CKD patients in order to provide specific treatments with more precise goals of care [10] .
Coronary Artery Disease
Coronary atherosclerosis is the most common form of CVD outside of hypertension according to the American Heart Association. It has been shown that neonatal renal disease has been associated with the very early signs of atherosclerosis at the time of birth. The presence of CKD, independent of other CVD risk factors, appears to accelerate the atherosclerotic process, including the gradientdependent deposition of low-density lipoprotein particles, recruitment of monocytes, upregulation of adhesion molecules, ingress of monocytes and conversion to macrophages and foam cells, mobilization of vascular smooth muscle cells, breakdown of the elastic lamina, and development of an atheroma which expands both towards the lumen and outward towards the adventitia [11, 12] .
The most prominent component of atherosclerosis influenced by CKD is calcification. It has been shown that calcium initially deposits in the subendothelial space in a passive fashion and accounts for a minor degree of the overall calcium in an atherosclerotic plaque [13] . The majority of anatomic and visible calcium by imaging in atherosclerosis is the result of osteoblastic conversion of smooth muscle cells and the deposition of calcium hydroxyapatite crystals in the extracellular matrix. Phosphate appears to be an important stimulator of the vascular smooth muscle cell to both undergo osteoblastic deposition and deposit calcium. Thus, reducing the phosphate load on the body may be a strategy to limit the calcification process; however, this hypothesis has not been subjected to randomized placebo controlled trials.
A listing of selected cardiac diagnostic studies that can be obtained in patients with CKD is given in table 1 . It is important to recognize that coronary calcification seen on computed tomographic studies is atherosclerosis anatomically and not a manifestation of passive calcification previously thought to be Mönckeberg's sclerosis ( fig. 1 ). Vascular calcification is a proxy for a greater burden of atherosclerosis, reduced vascular compliance, and more mature and stable plaques [14] . Thus, coronary calcification can be used to diagnose coronary artery disease in patients with CKD. When the coronary calcium score (either volumetric or Agatston) is 1 400 units, then the probability of at least one significant ( 1 70%) lesion resulting in reduced myocardial blood flow with stress is 6 80%. Thus, if a calcium score is known at the time of evaluation and the score is 1 400, it is reasonable to move forward with a functional study including stress-imaging (exercise or pharmacologic stress echo, exercise or pharmacologic stress nuclear scintigraphy). Otherwise, in an asymptomatic patient, there is no clear-cut mandate to perform screening stress testing or other imaging procedures. In a patient with evidence of an old myocardial infarction by electrocardiography (ECG) or with symptoms that could represent coronary ischemia, the decision to proceed with functional imaging or direct coronary angiography can be based on a variety of factors including severity of CKD and risk for contrast-induced acute kidney injury (CI-AKI) [15] . In a low-risk CVD and severe CKD stage, functional imaging is appropriate. If a large reversible area of ischemia is found, then consideration for coronary angiography and ad hoc percutaneous coronary intervention (PCI) or surgical revascularization is reasonable. However, in a high-risk CVD patient (old myocardial infarction on ECG, high-grade accelerating angina, acute coronary syndrome, or angina with signs of left ventricular dysfunction), despite the risks of CI-AKI, it may be appropriate to move directly to angiography with the possibility of ad hoc percutaneous coronary intervention with appropriate prophylactic measures taken for CI-AKI [16, 17] . Most observational studies have found a risk reduction for cardiovascular mortality with optimal medical therapy and revascularization in patients with CKD, provided the patient can be supported through the CI-AKI and postbypass surgery period [18] [19] [20] .
Valvular Disease
The two most common forms of cardiac valvular disease in CKD are aortic valve calcification and sclerosis, and mitral annular calcification. In both of these conditions, the uremic milieu of CKD mineral and bone disorder promote accelerated calcification. As in atherosclerosis, the calcification of the valves is not passive, but the result of osteoblastic transformation of resident myofibroblasts in cardiac valvular tissue and the deposition of calcium hydroxyapatite crystals. Elevated phosphorus has been associated with valvular calcification and is the most modifiable potential pathogenic factor in CKD [21, 22] . This condition is readily identified by echocardiog- raphy and rarely causes significant disease of either valve to warrant valve surgery or replacement. The most important clinical implication of valve disease in patients with CKD is the risk for bacterial endocarditis in CKD patients with temporary dialysis catheters either starting or maintaining hemodialysis [23] . A pathologic murmur (grade 2 or higher) should prompt echocardiography in all patients with CKD and there should always be a high suspicion for endocarditis in such patients with fever or other evidence of systemic infection.
Myocardial Disease
CKD is recognized as directly inducing changes in the myocardium that result in both diastolic and systolic dysfunction. A common mechanism for the development of myocardial disease appears to be fibrosis ( fig. 2 ) . As a part of the aging process, there is dropout of myocardial cells via apoptosis, and increases in the intercellular matrix with advanced glycation end-products and collagen [24] . Over time, a relatively large proportion of the myocardial mass can be composed of cross-linked collagen in the form of fibrotic material [25] . It appears as if CKD may accelerate this process of senescence with the recognizable findings of increased left ventricular mass and Doppler findings of diastolic dysfunction on echocardiography. In a case series of patients with end-stage renal disease undergoing magnetic resonance imaging by Merten et al. [26] , 98% had evidence of myocardial fibrosis with 36% in the pattern of prior myocardial infarction and 88% having some fibrosis present in a nonischemic distribution.
Galectin-3, a blood test recently by the cleared US Food and Drug Administration, is a product of resident macrophages and may be an index of active cardiac fibrosis ( table 2 ). It is prognostic for cardiac hospitalization and death in heart failure patients and is elevated in patients with reduced renal function at baseline [27] . It is too early to develop algorithms for the use of galectin-3 in patients with CKD; however, measurement of blood B-type natriuretic peptide can be used as a diagnostic aid for myocardial disease in patients with CKD, particularly those with clinical signs of possible heart failure [28, 29] . In patients with end-stage renal disease, troponin T is an approved prognostic aid for mortality in patients measured in an outpatient dialysis center [30] . It is reasonable for all patients with CKD to have an annual ECG with attention to left ventricular hypertrophy. Echocardiography should be performed in any CKD patient with clinical signs of exercise intolerance, fatigue, or findings of volume retention to evaluate both diastolic and systolic dysfunction. While there is controversy over the optimal management of diastolic dysfunction, there are relatively clear objectives in the management of systolic dysfunction, including the use of agents that block the renin-angiotensin-aldosterone system, ␤ -adrenergic antagonists, and the use of prophylactic cardio defibrillators in those with left ventricular ejection fraction ! 35% [31] . 
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Arrhythmias
Cardiac arrhythmias are largely a reflection of disease in the myocardium. All forms of arrhythmias are increased in patients with CKD [32] . The most common scenario faced is the development of atrial fibrillation [33] . In patients with palpitations, 24-hour and 30-day event recorders are standard means to capture an episode of arrhythmia. Implanted insertable loop recorders can provide surveillance for up to 2 years. Atrial fibrillation for most patients with CKD implies the need for rate control with agents that slow conduction through the atrioventricular node ( ␤ -adrenergic receptor blockers, calcium channel blockers, digoxin) and for chronic anticoagulation [34] . Most patients with CKD have other components in the CHADS-2 (1 point for congestive heart failure, hypertension, age 6 75 years, diabetes, and 2 points for stroke) score that sum up to 6 2 and call for treatment with warfarin. Dabigatran is a new alternative to warfarin and can be used in CKD (creatinine clearance 15-30 ml/min), but at a reduced dose of 75 mg p.o. b.i.d. (usual dose is 150 mg p.o. b.i.d.) [35] . Dabigatran is not recommended in CKD patients with CrCl ! 15 ml/min. Other direct thrombin and factor 10a inhibitors are expected to enter the worldwide market in the next several years and should provide viable strategies to compete with warfarin.
Ventricular arrhythmias are a manifestation of myocardial disease and are statistically more common in CKD. If sustained ( 1 30 beats) or symptomatic ventricular tachycardia is seen on a session of cardiac monitoring, electrophysiology consultation is warranted. Likewise, a case of resuscitated sudden death with good neurologic outcome should be evaluated by an electrophysiologist. In both circumstances, implantation of a cardioverter defibrillator is commonly indicated with the caveat that patients with CKD commonly have higher defibrillation thresholds, relatively high rates of device utilization, device infection risks if on dialysis, and lower relative risk reductions for all-cause death compared to those with normal renal function [36] . All things considered, if survival is expected to be 1 2 years, ICD implantation for conventional cardiology indications is supportable in patients with CKD and end-stage renal disease [37] .
Summary
The diagnosis of CVD in CKD is important because early recognition of disease can call for intensification of therapy to reduce cardiovascular events including myocardial infarction, hospitalization, and death. It is very common to have cardiovascular diagnostic examination reports in the medical records of patients with CKD. Calcification of the coronary arteries represents atherosclerosis and calls for primary prevention measures. High levels of coronary calcium 1 400 units by computed tomography make the presence of provocable ischemia likely. Aortic and mitral valvular calcification rarely cause severe valve dysfunction warranting replacement, but commonly provide a set-up for bacterial endocarditis in a CKD patient who develops bacteremia.
Atrial fibrillation is the most common arrhythmia and calls for both rate control and anticoagulation. Finally, serious ventricular arrhythmias call for ICD implantation in most CKD patients, with reasonable durations of expected survival.
